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ABSTRACT 
Monitoring of polycyclic aromatic hydrocarbons (PAHs) in water samples is 
important for human protection due to the carcinogenicity and mutagenicity of these 
compounds. A new technique termed dispersive micro solid phase extraction (D-µ-
SPE) based on multiwalled carbon nanotubes (MWCNTs) caged in calcium alginate 
(Ca
+2
-Alg) was developed and applied for efficient extraction of PAHs from 
environmental water samples. The prepared adsorbent (Ca-Alg-MWCNTs) was 
characterized by Fourier transform infrared spectroscopy, scanning electron 
microscopy and thermal gravimetry analysis. The hydrophilicity of the Ca
+2
-Alg 
cage enhances the dispersibility of the adsorbent in water samples and the MWCNTs 
core facilitates separation of PAHs. The composite beads not only make full use of 
the good PAHs adsorption properties of alginate and MWCNTs, but also prevent 
MWCNTs from breaking off from the composites to cause secondary micro-
pollution to water. The proposed D-µ-SPE method was applied successfully for the 
extraction of selected PAHs from environmental water samples.  The D-µ-SPE 
technique provides reasonable extraction time (30 min) to extract trace levels of 
PAHs from 100 mL of water samples with 100 mg of adsorbent. The extracted PAHs 
were desorbed by 0.1 mL of ethyl acetate to give enrichment factor of 1000. Under 
the optimized conditions, the detection limits for fluorene, phenanthrene and 
fluoranthrene were 0.42 ng mL
−1
, 0.3 ng mL
−1
 and 0.22 ng mL
−1
, respectively.  The 
recoveries of several spiked real water samples for PAHs were in the range of 71.2-
104.2% with good relative standard deviations (1.2% - 7.2%), showing good 
reproducibility of the method. The potential benefits of the D-µ-SPE using Ca-Alg-
MWCNTs include high extraction efficiency, short analysis time and convenient 
extraction procedure. Thus D-µ-SPE method based on Ca-Alg-MWCNTs is a 
suitable candidate for use as an alternative adsorbent in the simultaneous pre-
concentration of PAHs from environmental water samples. 
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ABSTRAK 
Pemantauan berterusan hidrokarbon aromatic polisiklik (PAH) sangat penting 
bagi memastikan perlindungan manusia daripada kesan karsinogen dan mutasi 
sebatian ini. Satu kaedah baru disebut sebagai fasa pengekstrakan pepejal secara 
serakan (D- µ-SPE) menggunakan tiub nanokarbon dinding berganda (MWCNTs) 
disalut dengan kalsium alginate telah dibangun dan digunakan sebagai pengekstrak 
berkesan PAH daripada air alam sekitar. Pencirian bahan penjerapan baru telah 
dianalisis menggunakan spektroskopi infra merah (FTIR), Imbasan Electron 
mikroskopi (SEM) dan termogravimetri. Ciri-ciri hidrofilik kurungan Ca
+2
-Alg telah 
meningkatkan lagi daya serakan bahan penjerap dalam air, manakala teras tuib nano 
karbon dinding berganda  berfungsi untuk penjerap PAH. Butiran komposit ini bukan 
sahaja menggunakan kelebihan MWCNTs untuk menyerap PAH, malah alginat telah 
berjaya menghalangnya daripada menjadi bahan pencemar sekunder kepada air. 
Kaedah D-uSPE telah berjaya diaplikasikan dalam pengekstrakan beberapa PAH 
terpilih dalam sampel air alam sekitar. D-uSPE memberikan masa pengekstrakan 
yang baik (30 minit) untuk mengekstrak PAH dalam 100 mL sampel air 
menggunakan 100 mg bahan penjerap.  PAH telah dinyahjerap menggunakan 0.1 mL 
etil asetat bagi menghasilkan faktor pengkayaan 1000. Di bawah keadaan optimum, 
had pengesanan bagi fluorena, fenantrena dan fluorantena adalah masing-masing 
0.42 ng mL
-1
, 0.3 ng mL
-1
  dan  0.22 ng mL
-1
. Pengembalian semula PAH dalam 
beberapa sampel air adalah dalam julat 71.2 - 104.2% dengan sisihan piawai relatif 
yang baik dalam julat 1.2% - 7.2% yang menunjukkan kebolehulangan yang baik. 
Justeru, kaedah D-µ-SPE menggunakan alginat-MWCNTs merupakan kaedah 
alternatif yang sesuai bagi pra-pemekatan PAH di dalam sampel air alam sekitar.  
